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An experimental study has been conducted to evaluate the feasibility of a current mode
gamma radiation dosimeter, consisting of a commercial PIN photodiode as a radiation sen-
sor, and a custom made auto-ranging electrometer for real-time measurement of the PIN
photodiode’s response under radiation exposure. The radiation induced direct current re-
sponse for single PIN photodiodes with different active areas, as well as for multiple PIN
photodiodes connected in parallel, has been investigated. Three types of commercial silicon
PIN photodiodes have been chosen for evaluation - $1223, BPW34, and PS100-6-CER2
PIN. During the experiment, five samples have been tested - three samples made of single
PIN photodiodes (one sample of each photodiode type) and two samples formed by connect-
ing multiple photodiodes in parallel (two BPW34 photodiodes in parallel and four BPW34
photodiodes in parallel). The samples have been irradiated with a ©°Co gamma ray source and
the relations between the induced photocurrent and the dose rate, and between the accumu-
lated charge and the absorbed dose, have been determined. For measuring the photodiodes
response, a custom made auto-ranging electrometer controlled by a personal computer, and
capable of measuring direct currents from 50 pA to 10 pA with relative error less than 2.5%,
has been used. Obtained results have shown very good linearity between the dose rate and the
induced photocurrent for dose rates ranging from 0.93 Gy/h to 67 Gy/h. Also, very good lin-
earity has been observed between the accumulated charge and the absorbed dose for all tested
samples, within the investigated range of absorbed doses from 472 nGy to 3.3 Gy. On the ba-
sis of the obtained results, a simple model has been derived, enabling the estimation of the
photodiode’s current response as a function of the dose rate and the photodiode’s geometry

(active area and depletion layer width).
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INTRODUCTION

The current mode dosimeters are widely used for
monitoring high intensity (high dose rate) ionizing ra-
diation sources in numerous applications in scientific
research, industry, and medicine [1-3]. Generally, the
main elements that constitute a current mode dosime-
ter are the sensor which produces a direct current un-
der radiation exposure and the electrometer for mea-
suring the radiation induced current. The linear
relationship between the intensity of the radiation in-
duced current and the dose rate is the basis of the cur-
rent mode dosimetric applications [4, 5]. Therefore,
the dose rate can be determined by measuring the in-
tensity of the radiation induced current, and the inte-
gration of that current over a predefined period of
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time, i. e. the exposure time, provides the value of the
accumulated charge in the sensor, which is propor-
tional to the absorbed dose [6].

Among a large number of commercially avail-
able current read-out radiation sensors, the PIN
photodiodes stand out as the best candidates for a vari-
ety of practical dosimetric applications. The key ad-
vantages of the PIN photodiodes over other conven-
tional current read-out radiation sensors are: high
sensitivity, relatively small size, a moderate price, very
good linearity, immediate and stable current read-out,
possibility of operation without voltage bias, and high
quantum efficiency [7].

Because the radiation induced photocurrent
flows through a PIN photodiode only during exposure,
it is necessary to measure the intensity of that current
inreal time, i. e. while the photodiode is irradiated. The
typical values of the radiation induced photocurrents
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vary from picoampere levels up to milliampere levels,
depending on the radiation intensity and the character-
istics of the PIN photodiode. Measurement of such
low level direct currents in a wide dynamic range is ac-
complished with high performance electrometers. The
electrometers for dosimetric applications are commer-
cially available, but they are very expensive. Hence,
low cost custom-made electrometers are usually the
most efficient solution for general purpose dosimetric
applications.

The aim of this study was to evaluate the concept
of a current mode dosimeter made up of a commercial
PIN photodiode and a custom made electrometer. For
that purpose, several Si PIN photodiodes were selected
and tested under gamma radiation exposure. The cur-
rent response for single photodiodes, as well as multiple
photodiodes connected in parallel, has been investi-
gated for photovoltaic mode of operation (the
photodiodes were not biased). The photodiodes were
exposed to gamma radiation from %°Co source and the
relation between the induced photocurrent and the dose
rate as well as between the accumulated charge and the
total absorbed dose were determined. A low cost per-
sonal computer-based auto-ranging electrometer, de-
veloped in the applied physics laboratory (APL) at the
Faculty of Electronic Engineering in Ni§, Serbia, was
used for real-time measurement of the PIN
photodiodes’ response.

BASIC PRINCIPLES

The fundamental structure of a PIN photodiode is
illustrated in fig. 1. It consists of an intrinsic high-ohmic
semiconductor layer implemented between two heavily
doped semiconductor regions (n* and p¥). As a result of
the intrinsic layer, PIN photodiodes have wider deple-
tion layer than ordinary diodes and photodiodes, and
hence higher sensitivity to incident radiation.

The major effect of ionizing radiation on the PIN
photodiodes is the creation of electron-hole pairs
within the depletion layer, which drift under the influ-
ence of the corresponding electric field [4]. At high
dose rates, a large number of electron-hole pairs is in-
duced in the PIN photodiode’s depletion layer, and
that is manifested as a stable photocurrent flowing
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Figure 1. Silicon PIN photodiode cross-section

through the photodiode. The minimum measurable
level of the radiation induced photocurrent is limited
by the level of dark (leakage) current — the current that
flows through the photodiode when it is not exposed to
radiation.

Since the PIN photodiodes are sensitive to ambi-
ent light as well as infra-red and ultra-violet rays, they
must be optically isolated or otherwise the signal in-
duced by the light will overwhelm the radiation in-
duced signal.

The photocurrent response of the PIN photodiodes
exposed to ionizing radiation depends on several factors:
(1) dose rate, (2) active area of the PIN photodiode, (3)
width of the depletion layer, (4) energy of the radiation
source, (5) ambient temperature, and (6) orientation of
the photodiode with respect to the source.

The dependence of the photocurrent response
with the dose rate is used as the main dosimetric pa-
rameter in current mode applications [4-6]. Several
experimental studies have verified the linear depend-
ence between the radiation induced photocurrent and
the dose rate, for a number of commercial PIN
photodiodes exposed to X and gamma radiation, in a
wide dose rate range [1-3].

Regarding the PIN photodiode’s geometry, the
parameter that dominantly affects the photocurrent re-
sponse is the active detection volume, defined as the
product of the active area and the depletion layer
width. Hence, the PIN photodiodes with a larger active
area and/or a wider depletion layer are expected to ex-
hibit higher sensitivity to incident radiation [6, §].

While the active area of a particular photodiode is
constant, the depletion layer width can be varied. The
width of the depletion layer is determined by the applied
reverse bias voltage [8]. If the photodiode is operated in
the photovoltaic mode (without bias), the depletion
layer width is minimum. On the other hand, when the
photodiode is operated in the photoconductive mode
(with reverse bias voltage), the depletion layer width in-
creases proportionally to the applied reverse voltage.
The photoconductive mode provides higher sensitivity,
but also leads to the increase of the leakage current, lim-
iting the minimum dose rate that can be measured. Oth-
erwise, the photovoltaic mode ensures the lowest leak-
age current, but at the expense of a lower sensitivity
because of the minimum depletion layer width. In prac-
tical current mode applications, the photovoltaic mode
is often preferred because of minimum leakage current.

The photodiode’s response depends on the en-
ergy of the radioactive source [8]. Anumber of investi-
gations have demonstrated that the energy dependence
is most pronounced for energies below 200 keV [9,
10]. For that reason, the PIN photodiodes should be
energy compensated when used in low energy range.

The ambient temperature has a significant im-
pact on the PIN photodiode’s current response. The in-
crease of temperature leads to the increase of the
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photodiode’s leakage current, and as a consequence
limits the lowest measurable dose rate [8, 9].

The level of the induced photocurrent depends
to a large extent upon the orientation of the PIN
photodiode with respect to the source [9]. This direc-
tional dependence is due to the construction of the
photodiode as well as the nature of the source. Flat
photodiodes exhibit larger directional dependence
than the rounded ones. Similarly, the directional de-
pendence is more dominant in X-ray fields than in
gamma ray fields [8, 9].

A serious problem with PIN photodiodes is their
vulnerability to structural damages caused by ionizing
radiation. The main factors contributing to the radia-
tion induced damages in PIN photodiodes are the ab-
sorbed dose and the energy of the radioactive source.
If the PIN photodiode is exposed to high doses and/or
high energy radioactive sources, the structural dam-
ages of the silicon crystalline lattice are induced, re-
sulting in the increase of the dark (leakage) current [4,
8-10]. In addition, the radiation induced damages lead
to the gradual decrease of the level of radiation in-
duced photocurrent, i. e. decrease of the PIN
photodiode’s sensitivity. The level of sensitivity loss
as a function of radiation damage depends on the
photodiode’s characteristics, energy of the source and
total absorbed dose. Hence, the dosimeters based on
PIN photodiodes must be recalibrated periodically to
ensure long term stability and accuracy.

PIN PHOTODIODES SELECTION

Three commercial PIN photodiodes were se-
lected for evaluation: S1223 (Hammamatsu), BPW34
(Osram), and PS100-6-CER2 PIN (First Sensor). The
physical view of the photodiodes is shown in fig. 2,
while their main characteristics are outlined in tab. 1.

The main aspects considered during the selec-
tion of the PIN photodiodes were the active area and
the dark current level. For the purpose of comparison,
the PIN photodiodes with different active areas and as
low dark current levels as possible, have been chosen.

Five test samples were prepared for experimen-
tal investigation:

— Sample 1: a single S1223 photodiode,

—  Sample 2:asingle PS100-6-CER2 PIN photodiode,

— Sample 3: a single BPW34 photodiode,

— Sample 4: two BPW34 photodiodes connected in
parallel, and

Figure 2. PIN photodiodes used for experimental testing
(from left to right: S1223, PS100-6-CER2 PIN, BPW34;
the photographs are not scaled)

Table 1. PIN photodiode characteristics

PS100-6-

S1223 CER2 PIN BPW34
Active area [mm®] 6.6 100 7.5
Junction capacitance
without bias [pF] 71.79 796.17 79.9
Dark current without
bias [pA] ~3 ~4.2 ~21
Depletion layer width | 1.47 1.096
without bias [pum]
Maximum reverse
voltage [V] 30 100 60
Price per unit (€) 12 55 1.1

— Sample 5: four BPW34 photodiodes connected in
parallel.

The dark current, junction capacitance and
depletion layer width without voltage bias have been
determined experimentally.

For each sample, the dark current was measured
with Keithley 2636A source-measuring unit. The dark
current levels for samples 4 and 5 were approximately
4.3 pA and 8.4 pA, respectively.

The junction capacitance was determined from
the C-V curves measured by the Keithley 4200-SCS
semiconductor characterization system. With known
capacitance C and active area 4, the depletion layer
width w was calculated using the equation

_ed
C

where e = 11.68 (dielectric constant of silicon). For
samples 4 and 5, w was considered to be the same as for
sample 3, while C was calculated as the sum of capaci-
tances connected in parallel.

The photodiodes were soldered on printed cir-
cuit boards (PCB), and a BNC connector was installed
on each PCB for interfacing with the measurement
system. To achieve appropriate optical isolation, the
photodiodes were wrapped with light-proof foil.

w

(1

AUTO-RANGING
ELECTROMETER

A prototype of an inexpensive custom made
PC-based electrometer was used for real-time measure-
ment of the PIN photodiodes’ response [11]. The
electrometer was designed specially for current mode
dosimetric applications, and it is the first prototype of
such instrument constructed in the Applied Physics Lab-
oratory at the Faculty of Electronic Engineering in Nis,
Serbia.

The electrometer supports direct current mea-
surements in five sensitivity ranges:

— Range 1: below 1 nA,
— Range 2: from [ nAto 10 nA,
— Range 3: from 10 nA to 100 nA,
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— Range 4: from 100 nA to 1 pA, and
— Range 5: from 1 pA to 10 pA.

A very important feature of the developed elec-
trometer is the auto-ranging capability. This means that
the electrometer can automatically detect the range to
which the input current belongs, and accordingly adjust
the appropriate settings for that range. Switching from
one range to the other is also achieved automatically, on
the basis of a specific range switching algorithm.

The electrometer is PC-dependent, meaning that
a personal computer equipped with a suitable applica-
tion software is required for controlling its operation,
as well as for data processing, visualization and stor-
age. Such concept was adapted to simplify the
electrometer design and to enable its implementation
inawide variety of practical dosimetric applications.

System architecture

In order to provide easier testing and upgrade,
the electrometer was realized as a modular system
with two functional units:

— current-to-voltage converter (IVC), and
— control unit (CU).

The architecture of the developed electrometer,
illustrating the main elements and the interconnec-
tions between them, is presented in fig. 3.

The IVC transforms the incoming current into a
proportional voltage on the principle of transimpedance
gain [12]. The constitutive elements of the IVC are: a
variable gain transimpedance amplifier, an inverting
amplifier, and a gain switching logic.

The variable gain transimpedance amplifier con-
sists of AD549J, an electrometer grade operational
amplifier from Analog Devices, and five resistors in
the operational amplifier’s negative feedback for gain
setting.
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Figure 3. Block diagram of the custom made electrometer

Switching of the resistors, i. e. range selection, is
performed by ADG452, a very low leakage quad ana-
log switch, manufactured by Analog Devices. The
control of the switching is accomplished by the
microcontroller from the control unit.

To achieve wider dynamic range, the voltage
from the transimpedance stage is amplified with an in-
verting amplifier having a nominal gain of -10. The
gain stage is based on a dual operational amplifier
OPA2111, manufactured by Burr Brown.

The CU performs automatic selection of the
measurement range, digitization of the voltage gener-
ated by the IVC, and transfer of digitized data to the
PC. Its main elements are: a microcontroller (MCU),
an analog-to-digital converter (ADC), a low pass fil-
ter, and a serial RS-232 interface for PC connectivity.

Microcontroller is the central processing ele-
ment within the CU. In this case, a general purpose
8-bit microcontroller PIC16F887, from Microchip, is
used. It is equipped with a firmware, developed in a
C-based compiler, which implements the aforemen-
tioned tasks.

A 12-bit analog-to-digital converter AD1674,
from Analog Devices, is used for digitizing the voltage
from the IVC. The key features of this ADC are: parallel
output, unipolar and bipolar input modes supporting
voltages up to 20V, conversion speed of 10 ps, sam-
pling rate of 100 ksps, and on-chip voltage reference.

Before being processed in the analog-to-digital
converter, the signal from the IVC is filtered to mini-
mize the noise that might have been superimposed on
the signal. Filtering is achieved by a third order active
low pass Butterworth filter, based on a dual opera-
tional amplifier OPA2111, with the cut-off frequency
of 1 Hz.

The communication between the MCU and the
PC is established over serial RS-232 interface realized
with a standard logic level translator MAX232. The
fullduplex configuration with two data lines and trans-
fer rate of 9600 bits per seconds, is utilized.

PC application software

A PC equipped with application software,
developed in the Visual C# Express software develop-
ment environment, is used for real-time monitoring of
the electrometer read-out and data acquisition. The
main functions of the application software are: (1) al-
lows the user to start and stop the electrometer
read-out by issuing adequate commands, (2) converts
the measured voltage into current, (3) determines the
elapsed time between two successive measurements
on the basis of the data obtained from PC’s real-time
clock, (4) displays the measured current values and the
measurement counts on the PC monitor, and (5) stores
the measured current values and the elapsed time val-
ues in appropriate files on the PC hard drive.
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Calibration procedure

The electrometer was calibrated with a high
precision source measuring unit model Keithley
2636A. Predefined direct current values were injected
into the electrometer input by the source-measuring
unit, and the corresponding response was recorded
with a PC, using the custom made application software
for monitoring the electrometer operation. The input
current levels were compared with the values mea-
sured by the electrometer and the relative error was
calculated [11].

It was determined that the electrometer is capa-
ble of measuring currents from 50 pA to 100 pA with
relative error less than 2.5%, and from 100 pAto 10 pA
with relative error less that 1%. Even the currents be-
low 50 pA (typically down to 10 pA) can be measured
but with relative error up to 10%. Although these re-
sults are comparable with some custom made designs
reported in literature [12-14], they are still inferior to
commercial electrometers which are capable of mea-
suring direct currents in a wider dynamic range (up to
nine decades) with much lower relative error (below
0.1%).

The realized electrometer has a constant response
time of 1.83 seconds in all measurement ranges. Basi-
cally, the response time is the total time interval required
for measurement, data processing, and transfer of digi-
tized data to the PC. The response time practically deter-
mines the resolution of the dose measurement (dose =
dose rate x time) and for that reason it would be benefi-
cial to have as low response time as possible. Neverthe-
less, this solution is competitive even with commercially
available dosimetric electrometers that have a response
time of around 1 s [15, 16].

Physical design

Figure 4 shows the photograph of the assembled
auto-ranging electrometer. The IVC is enclosed in a
metal case (15 cm x 10 cm x 5 ¢cm), while the CU is
housed in a plastic box (16 cm x 16 cm x 6.5 cm).

Figure 4. Auto-ranging electrometer in operation

Both units are powered from a custom made
regulated power supply unit (not shown in fig. 4)
which provides three voltage levels: +15 V,—15V, and
+5 V. The total current consumption of the system is
relatively low, approximately 70 mA.

The connections between the IVC and CU, as
well as between these units and external modules
(power supply and current source) are achieved
through coaxial or triaxial cables, while the connec-
tion with the PC is carried out through RS-232 cable.

EXPERIMENTAL PROCEDURE

The experimental evaluation of the proposed do-
simeter was performed in the Metrology Laboratory of
the Vinca Institute of Nuclear Sciences, Belgrade, Ser-
bia. The samples were irradiated at room temperature
(~25 °C), using a °Co gamma ray source.

During irradiation, the samples were isolated in
a special irradiation chamber containing the °°Co
gamma radiation source. They were operated in the
photovoltaic mode (without voltage bias), and the con-
nection with the measurement system, located in a sep-
arate room, was achieved through a 5 m RG-58 coaxial
cable. The parameters measured during the experi-
ment were the induced photocurrent and the irradia-
tion time. Figure 5 illustrates the complete experimen-
tal set-up.

Irradiation chamber

PIN photodiode!
on a holder

Coaxial
cable Custom made
> electrometer

RS-232
cable

o

Figure 5. Experimental set-up

The samples were positioned in front of the °Co
source, at different distances from the source, where
each distance was equivalent to a specific dose rate
value. Each test sample was irradiated at 12 different
distances from the source. For each distance the dose
rate was calculated from one reference distance for
which the dose rate value was measured with reference
dosimeter. The list of all source-to-sample distances at
which the measurements were conducted and the
corresponding dose rate values are given in tab. 2.
Each irradiation session lasted 3 minutes and a total of
98 readings were acquired per irradiation session.
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Table 2. Distances at which the samples were irradiated
and corresponding dose rate values

Distance from the source [cm] Dose rate [Gyh™']

40 67

50 42.88
60 29.78
70 21.88
80 16.75
110 8.86
140 5.45
170 3.71
200 2.68
240 1.86
290 1.27
340 0.93

RESULTS AND DISCUSSION

The objective of the experimental research was
to investigate the effects of gamma radiation on the
electrical parameters of the selected PIN photodiodes.
Hence, the two relations have been analyzed:

— the relation between the intensity of the radiation
induced photocurrent and the dose rate, and

— the relation between the accumulated charge and
the absorbed dose.

Relation between the intensity
of the radiation induced photocurrent
and the dose rate

The relation between the photocurrent response
and the dose rate, as well as the stability of the radiation
induced photocurrent, are the most important parameters
which determine the applicability of a PIN photodiode as
the radiation detector. The waveforms illustrating the
variation of the induced photocurrent as a function of ir-
radiation time, for all twelve irradiation sessions and all
five samples, are presented in figs. 6-10.

It can be seen that the level of the radiation in-
duced photocurrent was very stable during all irradia-
tion sessions, for all five samples. Though, it is worth
noting that the photocurrent level was not constant, but
slight fluctuations have been observed with a maxi-
mum relative deviation less than 6% in all cases.

The lowest measured photocurrent level for each
sample was more than two orders of magnitude higher
than the nominal dark current before irradiation. The
level of the dark current was measured before and after
each irradiation session, and no significant changes
between the pre-irradiation and the post-irradiation
dark current levels were observed. This indicates that
no considerable damage to the photodiodes’ structure
was induced during irradiation.

With the obtained results it is possible to deter-
mine the functional relations between the radiation in-
duced photocurrent and the dose rate. The results ac-
quired from each irradiation session have been
averaged to obtain a mean photocurrent value for each
dose rate value. Figure 11 illustrates the relation be-
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tween the dose rate and the mean photocurrent values
for all samples.

A linear fitting was applied to determine the ana-
lytical expressions for the relationship between the in-
duced photocurrent and the dose rate. The experimen-
tal data has been fitted with the equation I, = SDy +
+ Iparg» Where Iy, Dy, and I s are the radiation in-
duced photo-current, dose rate, and dark current, re-
spectively, while S is the “photocurrent vs. dose rate”
sensitivity. The following are the obtained mathemati-
cal relations and the correlation coefficients R?:
Sample 1:

Iy =461.107"Dy +3-107"% (R? =099886) (2)
Sample 2:
Iy =878-107 Dy +4.2-107"% (R? =099331) (3)
Sample 3:
Iy =481-107Dy +21-107"2 (R? =099543) (4)
Sample 4:

Iy =961-107""Dy +43-107'% ,(R? =099543) (5)

Dose rate, Dy [Gyh™']

Figure 11. Induced photocurrent as a function of
dose rate

Sample 5

Iy =192:107 Dy +84-107"2 (R? =099543) (6)

Very good linearity between the radiation in-
duced photocurrent and the dose rate was observed for
all five samples, within the range of dose rates from
0.93 Gy/h to 67 Gy/h. It seems that even lower dose
rates could be measured with all examined samples,
since the values of the photocurrents measured for
lowest dose rate were considerably higher than the
nominal dark currents. However, it is not possible to
estimate the behaviour of the photocurrent response
for lower dose rates on the basis of the presented re-
sults. Thus, further experimental research must be
conducted to assess this issue.

The results for single PIN photodiode samples
have shown that the “photocurrent vs. dose rate” sensi-
tivity is proportional to the PIN photodiode’s active
area. The highest sensitivity was recorded for sample 2
(PS100-6-CER2 PIN photodiode), 8.78 nA-Gy !-h,
while the sensitivities for sample 1 (S1223
photodiode) and sample 3 (BPW34 photodiode) were
461 pAGy 'hand 481 pAGy'h, respectively. This can
be explained by the fact that sample 2 has the largest
active area and widest depletion layer. Hence, it has
the largest active volume, which enables the creation
of more electronhole pairs than in other samples, re-
sulting in higher radiation induced photocurrent level.

Comparison of the results for samples based on
the BPW34 PIN photodiode has confirmed that the
sensitivity is linearly proportional to the number of
PIN photodiodes connected in parallel. By connecting
multiple PIN photodiodes in parallel, the effective de-
tection area increases, and therefore the detection vol-
ume also increases, resulting in the increase of the sen-
sitivity. The sensitivity of sample 4 (two BPW34
photodiodes in parallel) was 961 pAGy 'h, which is
twice higher than the sensitivity of sample 3 (single
BPW34 photodiode). Similarly, the sensitivity of
sample 5 (four BPW34 photodiodes in parallel) was
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1.92nAGy 'h, which is four times higher than the sen-
sitivity of sample 3 (single BPW34 photodiode), and
twice higher than the sensitivity of sample 4 (two
BPW34 photodiodes in parallel). Thus, the sensitivity
of a single large area photodiode can be achieved by
connecting a number of smaller photodiodes in paral-
lel. However, the main drawback of this approach is
that the dark current increases linearly with the num-
ber of photodiodes connected in parallel.

Using the obtained results, and known parameters
of the PIN photodiodes given in tab. 1, it is possible to
derive a mathematical expression for the dependence
between the induced photocurrent and the parameters
that predominantly influence the photodiode’s response
(dose rate, active area, and depletion layer width).

The general equation for radiation induced cur-
rent response of the PIN photodiode is [8]

where 4, w, and Dy represent the active area, depletion
layer width, and dose rate, respectively, and & is the co-
efficient determined by the technological parameters of
the PIN photodiode production process. These parame-
ters are proprietary and are not available. However, it is
possible to determine the approximate value of k exper-
imentally, for commercial samples.

For a general case, where the dark current /pzpx
is considered, and where it is possible to have a num-
ber n of PIN photodiodes connected in parallel, the
current response model may be expressed as:

Iy = n(kAwDy +1Ipary ) (®)

By comparing eq. 8 with egs. 2-6, it can be de-
duced that:
S

nAw

k=

(€)

Since S has been obtained experimentally for
each sample, the values of k can be easily determined
from eq. 9. Hence, k = 6.52-107 (sample 1), k =
=5.97-107 (sample 2), k = 5.85-107 (sample 3), k=
=5.85-107° (sample 4), and k=5.84-1073 (sample 5). A
very good agreement between the calculated values of
k can be observed, with a mean value ., = 6-107,
and relative deviation less than 8.7%.

Substituting the mean value of & into eq. 8, the
model of the radiation induced photocurrent response,
for dose rates from 0.93 Gy/h to 67 Gy/h, becomes,

I, =n(6-10" AwDy +I'p i ) (10)

With the obtained equation it is possible to esti-
mate the radiation induced current response of a PIN
photodiode prior to irradiation, and hence evaluate the
influence of the photodiode’s geometry and dose rate
on the level of the induced photocurrent.

Relation between the accumulated
charge and the absorbed dose

In practical dosimetric applications it is neces-
sary to known the absorbed dose. If the dose rate is
constant, the total dose absorbed during the exposure
time 7 can be easily calculated as the product of dose
rate and 7. In other words, the absorbed dose can be es-
timated from the measured photocurrent /, and the ex-
posure time 7.

Basically, the product of the photocurrent and
the exposure time represents the charge accumulated
in the photodiode during a time interval 7. This means
that the total absorbed dose may be expressed in terms
of accumulated charge.

The relation between the accumulated charge O
and the absorbed dose D, obtained for the dose rate of
67 Gy/h, is illustrated in fig. 12. This dependence is, as
it was expected on the basis of the results from fig. 11,
linear. For each sample the “charge vs. dose” sensitiv-
ity S has been determined by linear fitting with the
equation O = SpD. The sensitivities were: 1.65 nC/Gy
(sample 1),31.2 uC/Gy (sample 2), 1.81 nC/Gy (sam-
ple 3), 3.63 uC/Gy (sample 4), and 7.33 pC/Gy (sam-
ple 5).

For the dose rate of 67 Gy/h, the minimum mea-
sured dose was 34 mGy and the maximum dose was
3.3 Gy. The value of the minimum dose is determined by
the electrometer’s response time. Since the electrometer
has a response time of 1.83 s (0.00050833 h), the total
dose after the time interval 0.00050833 h, for doserate
of 67 Gy/h, is 67-0.00050833 = 34 mGy. For lower dose
rates, the minimum measurable dose is smaller. As an ex-
ample, the lowest measured dose during the experiment
was 472 nGy, for dose rate of 0.93 Gy/h.

To determine the dependence between the
“charge vs. dose” sensitivity and the dose rate, the func-
tional relation O = (D) was derived for all dose rates,
and for each sample the “charge vs. dose” sensitivity
was determined. The variation of the “charge vs. dose”
sensitivities with the dose rate is depicted in fig. 13.
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Figure 12. Accumulated charge as a function of the total
absorbed dose (for dose rate of 67 Gy/h)
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Figure 13. Charge vs. dose sensitivity as a function of
dose rate

The “charge vs. dose” sensitivities were uniform
for all samples, within dose rate range from 0.93 Gy/h
to 67 Gy/h, with a maximum relative deviation of 8%.
This means that the “charge vs. dose” sensitivity is in-
dependent of the dose rate. Consequently, the ab-
sorbed dose can be determined on the basis of accumu-
lated charge, without calculating the dose rate.

CONCLUSIONS

In this paper an experimental evaluation of the
current-mode gamma radiation dosimeter, based on a
commercial PIN photodiode and a custom made
auto-ranging electrometer, was discussed. Three dif-
ferent types of commercial PIN photodiodes were
chosen for evaluation (S1223, BPW34 and
PS100-6-CER2 PIN), and a total of five samples have
been characterized — three single PIN photodiode sam-
ples (one sample of each type) and two samples with
multiple photodiodes (two BPW34 photodiodes con-
nected in parallel and four BPW34 photodiodes
connected in parallel).

The samples have been irradiated for 3 minutes
in a continuous gamma radiation field from a %°Co
gamma ray source, and the corresponding
photocurrent response was recorded with a custom
made auto-ranging electrometer controlled by a PC.
The electrometer supports direct current measure-
ments from 50 pA up to 10 pA in five sensitivity
ranges, with relative error below 2.5%, and a nominal
response time of 1.83 s.

Acquired results have shown very good linearity
between the induced photocurrent and the dose rate for
the investigated range of dose rates from 0.93 Gy/h to
67 Gy/h. The radiation induced photocurrent response
was very stable for all examined samples. The results
have also confirmed very good linearity between the
accumulated charge and the absorbed dose within the
investigated dose range from 472 uGy to 3.3 Gy.

In the case of single photodiodes, it was
demonstrated that the sensitivity is proportional to the

preliminary evaluation that the examined PIN
photodiodes can be used as the current mode gamma
radiation sensors in various dosimetric applications.
The examined PIN photodiodes, together with the de-
veloped autoranging electrometer, represent a very
good basis for a gamma radiation current mode dosim-
eter. Depending on practical requirements, it is possi-
ble to use either single or multiple photodiodes
configuration.

However, further work must be undertaken in
order to determine the optimum design of the proposed
current mode dosimeter. Future work will be focused
both on improving the performance of the auto-rang-
ing electrometer, as well as on more detailed
characterization of the PIN photodiodes.

As far as the electrometer design is considered,
the improvements will be oriented towards achieving
higher measurement accuracy, wider dynamic range
and faster response. Beside that, the design will be
modified to provide a compact solution that will have
the capability of stand-alone operation, and thus be
more competitive with commercial electrometers.

The characterization of the PIN photodiodes will
be extended in order to provide a better insight into the
behaviour of PIN photodiodes under gamma radiation
exposure. In that sense, a larger number of PIN
photodiodes with different characteristics will be used
to evaluate the obtained model of the radiation induced
current response. In addition, the three aspects that
have not been analyzed in this study will be thoroughly
examined: the photocurrent response for dose rates
lower than 0.93 Gy/h, the effects of higher total doses
on the level of the radiation induced photocurrent, and
the reproducibility of the induced photocurrent. The
results obtained from these tests will be helpful for es-
timating the level of the radiation induced damages in
the PIN photodiodes.
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Mapxko C. AHBEJIKOBUWR, I'opan C. PUCTUh

NCIIMTUBAKBE MOI'YRHOCTU INPUMEHE JO3UMETPA TAMA
SPAYEILA Y CTPYJHOM PEXKUMY PAJA 3ACHOBAHOI HA KOMEPIIUJAJTHOJ
IIMH ®0TOINO0IN N1 HAMEHCKHN PA3ZBUJEHOM EJIEKTPOMETPY CA
AYTOMATCKUM ITOJEMABAILEM OIICETA

CnpoBefieHO je eKCHEepUMEHTATHO HWCOUTUBAakEe MOTYhHOCTH NOpHMEHE [O03UMEeTpa rama
3pauema npeiBuheHOT 3a pajl y CTPYjHOM pPEsKUMY, KOju ce cacToju o Komeprujainae [TNMH goroanope kao
CceH30pa rama 3padyerma 1 HaMEHCKH Pa3BHjeHOT eJeKTPOMETpa ca ayTOMAaTCKUM MOfielIaBakbeM OIcera
kojum ce mepu onzuB [TMH doropmone mop aejcTBOM 3pauerma. AHAIM3UPAH je CTPYjHU Of3UB TOJ
fiejcTBOM 3pauema 3a nojepunaune [IMH doropuone ca pa3nuyuTiM aKTUBHUM IOBpIIMHAaMa, Kao U 3a
Bute [TMH dorognona Be3anux y napanenu. Mza6pana cy Tpu tuna [TMH doToanona (S1223, BPW34 u
PS100-6-CER2 I1MH) nox je y caMOM eKCIIepIMEHTY TecTUpaHo 5 y3opaka — Tpu nojenmHaune [TMH
doToauone (1o jeman y3opak cBakor tuna) u asa ausza [IMH ¢oroauona (napanenHa Be3a iBe U YSTUPH
BWP34 ITMH dotoauone). Tectau yzopiw cy 3padenn *°Co rama u3BopoM, 1 3a CBaKH y30PaK Cy U3MEPEHE
3aBUCHOCTU U3Meby nHyKOBaHe (hOTOCTpYje U jauuHe J03€, Kao U u3Meby akyMyJIMpaHOT HaeJleKTpUcama
U yKymHe ancopOoBaHe fo3e. 3a moTpebe Mepema (POTOCTpYje M aKyMYJIMPAaHOT HaeJeKTpUcama
KopuirheH je HAMEHCKHU Pa3BUjeH eJIeKTpOMeTap KOHTPOIMCAH NEPCOHATIHUM padyHapoM. Peann3oBaHu
eJIeKTpOMeTap MOoAp>KaBa Mepeme jefHocMepHuX crpyja y omcery oA 50 pA mo 10 mA ca pemaTuBHOM
rpemkoM MamboM off 2.5 % . [loOujenn pe3ynTatu yKaszyjy Ha BeoMa Joopy JuHeapHOCT n3Meby jaunHe mo3e
U HUBOA (POTOCTpyje 3a CBUX IET TECTHA y30pKa, Y OICEery jaunHa [03e, 3a CBe y30pKe. MakcumainHe u
MUHUMaJTHEe U3Mepene fo3e omie cy 3.3 Gy u 472 mGy, pecniektuBHO. Ha OCHOBY JJoOMjeHHX pe3ysTaTa
¢hopmMupaH je MOJIeN KOju ONHCYje Ofi3uB (POTOANOJIE, HA OCHOBY KOjET je MOTyhe IPOIICHUTH CTPYjHU OJI3UB
IINH ¢oTtonmone y 3aBucHOCTH Of jaunHe mo3e u reomerpuje [IMH doronmone (aKTUBHE MOBPIITMHE U
[IMPUHE OCHPOMAIIICHE 00JIacTH ).

Kwyune peuu: 0osumeitiap y citipyjom pexcumy paoa, [TUH ¢poitioouooa, eaexiipomeitiap ca
ayiiomMaticKum tooeulasarbem oticeza




